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Pre lim i nary  mea sure ments  in  a  pro por tional  coun ter  with  two  in de pend ently  count ing  wires
have shown that count ing rates up to 106 counts/s per wire can be reached with out crit i cal loss 
in the “true ver  sus mea  sured” lin  ear  ity re  la  tion. In this pa  per, a gas-flow multiwire pro  por  -
tional coun  ter de  signed and con  structed in Iran, is pre  sented. Re  sults ob  tained with a fab ri -
cated  de tec tor, con  tain  ing 32 Ni-chro  mic an  ode wires, are shown. Each wire is as  so  ci  ated
with a fast pre-am  pli  fier and a discriminator chan  nel. Count  ing rates of over 107 events per
sec  ond are mea  sured. The di  am  e  ter, length, and re  sis  tance per unit length of an  ode wires are
35 µm, 3 cm and  10 W/m, re spec tively. The  cath ode is con structed  of  two  fi ber  glass  printed  
sheets  of 4 ´ 12 cm2 di men sions. In this de tec tor, P10 gas (10% of meth ane and 90% of ar gon)
is used. The vol ume of the de tec tor sen si tive area is 24 cm3. De tec tor sig nals are an a lyzed care -
fully through data ac  qui  si  tion sys  tems (MCA, am  pli  fier and preamplifier). Our study in  di  -
cates that the pres  ent de  tec  tor is a po  si  tion sen  si  tive de  tec  tor and that the ob  tained po  si  tion
sen si tiv ity  res o lu tion  of  this  in stru ment  is  3.5  mm.
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IN TRO DUC TION
The multiwire pro por tional cham ber, in tro duced 
and  de vel oped  by  Charpak,  has  mul ti ple  ap pli ca tions
in  el e men tary  par ti cle  phys ics  and  as tro phys ics  [1].
Po si tion  de tec tion  of  ra dio ac tive  rays  en ables  us  to
mea sure the space dis tri bu tion of ra dio ac tive and other 
ma te ri als  ab sorbed  by  the  hu man  body  (ra dio-med i -
cine). Among other pos  si  ble ap  pli  ca  tions of the said
de tec tor  are  the  dis tri bu tion  mea sure ments  of
X-ray/neu  tron dif  frac  tion pat  terns [2-7]. The tech  nol  -
ogy for the fab ri ca tion of multiwire pro por tional coun -
ters (MWPC) has been de  vel  oped re  cently, based on
Charpak’s in  ven  tion and the de  vel  op  ment of the
multiwire pro  por  tional cham  ber for which he was
awarded the No bel prize in 1992 [8]. In the field of gas
de  tec  tors, it is known that the space charge re  sult  ing
from ex  po  sure to high fluxes ul  ti  mately lim  its their
count ing  rate  ca pa bil ity  by  re duc ing  the  elec tric  field
in the ac  tive re  gion. Some of the is  sues of by-pass  ing
this  lim i ta tion  have  been  ad dressed,  es sen tially  based
on the re duc tion of the drift path for elec trons and ions: 
namely, con cern ing microstrip [9], microgap [10], and 
micro dot [11] de tec tors. Very high count ing rates may
be achieved in a MWPC by the ap  pro  pri  ate choice of
ge om e try  pa ram e ters,  gas  fill ing,  and  sig nal  pro cess -
ing elec  tron  ics [12, 13].
PO SI TION  SENSITIVE  DETECTORS
In  po si tion  sen si tive  de tec tors  (PSD),  the  po si -
tion of the source can be de  ter  mined us  ing two meth  -
ods: the charge di  vi  sion and rise time method. Since
the charge di  vi  sion method is used more of  ten [8], in
the  pres ent  in ves ti ga tion,  the  charge  di vi sion  method
has been ap  plied. Be  cause, due to cer tain spe cific rea  -
sons, elec  tro  mag  netic or par  ti  cle rays may dif  fract,
this de  tec  tor seems to be a proper in  stru  ment for the
mea  sure  ment of dif  fracted rays. The multiwire pro  -
por  tional coun  ter con  tains many thin sheets act  ing as
an odes and cath odes. Each an ode sheet was placed ex -
actly and sym  met  ri  cally be  tween two cath  ode sheets.
The elec  trode sys  tem was sit  u  ated in a gas (P10) con  -
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drift to  ward the plane of an  ode wires, ini  tially in a
nearly uni form field. As they ap proach, they are ac cel -
er ated to ward the near est wire and into its sur round ing
high-field re gion where av a lanches are formed [8, 14]. 
In the pro  por  tional coun  ter, the to  tal col  lected charge
is pro  por  tional to ini  tial elec  trons and, there  fore, its
con stant  pro por tion al ity  is  called  the  mul ti pli ca tion
co ef fi cient. In the com mon cy lin dri cal ge om e try, elec -
trons drift in  wardly from their place of for  ma  tion,
along ra  dial field lines, so that the po  si  tion of the av  a  -
lanche is a good in di ca tor of the ax ial po si tion at which 
the orig  i  nal ion pair was formed. If the track of in  ci  -
dent ra  di  a  tion ex  tends for some dis  tance along the
length of the tube, then mul  ti  ple av  a  lanches will also
be dis trib uted along the an ode and only an av er age po -
si  tion can be de  duced. The most com  mon method of
po  si  tion sens  ing in pro  por  tional tubes is based on the
prin ci ple of the charge di vi sion method [6]. The an ode
wire is fab  ri  cated to have a sig  nif  i  cant re  sis  tance per
unit length, so that the col  lected charge is di  vided be  -
tween am  pli  fi  ers placed at both ends of the wire in a
pro  por  tion that is sim  ply re  lated to the po  si  tion of the
in ter ac tion. By sum ming the out put of the two am pli fi -
ers, a con  ven  tional out  put pulse with an  am  pli  tude
pro por tional to the to tal charge is pro duced. A po si tion 
sig  nal is gen  er  ated by di  vid  ing the out  put of a sin  gle
am  pli  fier by summed sig  nals to give a pulse that in  di  -
cates the rel a tive po si tion along the an ode wire length.
This di  vi  sion can be car  ried out ei  ther by the an  a  log
method or by dig  i  tal tech  niques. An al  ter  na  tive to the
charge  di vi sion  method,  ca pa ble  of  ex cel lent  spa tial
res  o  lu  tion, has been de  vel  oped by Borkowski and
Kopp  [15].
DE TEC TOR  SIMULATION
The MWPC con  tains thin planes with equi  dis  -
tant and sym  met  ric an  ode wires placed be  tween sev  -
eral cath ode plates. The op ti mum dis tance be tween the 
an  ode and cath  ode was mea  sured within the se  lected
volt  age re  gion, by the Gar  field_7 code [16], and the
ob tained value was al most 5 mm. The elec tric field and 
equipotential sur  faces in the pres  ence of elec  tric po  -
ten  tial, de  duced by the Gar  field_7 code, are shown in
fig. 1.
IN VES TI GA TION  PROCEDURE
The in ves ti ga tion pro ce dure in the pres ent study
has been di  vided into two sec  tions: as  sem  bly and ex  -
per i men tal  pro ce dures.
Our de  tec  tor con  tains a cen  tral an  ode sur  face
placed be  tween two cath  ode plates. The as  sem  blage
was placed in an alu  mi  num box act  ing as the cham  ber
of the de  tec  tor. The an  ode sur  face con  tains 32
Ni-chro  mic wires. The di  am  e  ter, length, and re  sis  -
tance  per  unit of  length of  the  an  ode  wires are 35
µm, 3 cm, and10 W/m, re spec tively. A chain re sis tance
of 1 kW has been con  structed us  ing these wires, all of
them con  nected to a fi  ber glass sheet of 8 ´ 19 cm2 di  -
men  sions. The cath  ode is made of two fi  ber  glass
printed sheets of 4 ´ 12 cm2 di  men  sions. From top to
bot  tom, at a dis  tance of 5 mm, the an  ode cir  cuit is sur  -
rounded by a  cath  ode  cir cuit.  The  de tec tor  cham ber 
has a hole of 2 ´ 12 cm2 atop  of  it. The hole is covered
by 0.8 mg/cm  3 thick My  lar, so as to al  low in  ci  dent ra  -
di a tion  with  less  at ten u a tion  to  en ter  the  My lar  cham -
ber. The door is made of plexiglas and tight  ened with
O-ring and screws. The sche  matic pre  sen  ta  tion of the
de  tec  tor is shown in fig. 2.
AS SEM BLING  AND  CONNECTING
The de  tec  tor con  tains a printed board cir  cuit
(PBC), 5 mm spac ers, iso la tion screws, an O-ring, and
resistances. The de  tec  tor cham  ber was con  nected to a
high volt  age power sup  ply (SHV jack) on two sides.
Ten  sional force was ap  plied to the Ni-chrome wires
be fore con nec tion be cause, due to the in crease in tem -
per  a  ture, the wires might fall. Af  ter sol  der  ing the
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Fig  ure 1. Equipotential
sur  faces of the elec  tric field
de  duced by the Gar  field_7
codewires to the PBC, it is nec es sary to dis so ci ate the wires
from it with ut most pre ci sion. In or der to avoid elec tri -
cal leak  age and elec  tric sparks at sharp points, we had
to cover these points with spe  cial iso  la  tors. Af  ter
wash ing the elec tron ics and the de tec tor cham ber with
ac  e  tone, the sys  tem was as  sem  bled with elec  tronic
items, spac ers and screws. The as  sem  bled sys  tem was
then placed on two plexi  glas stands, con  nect  ing the
cath ode sur faces to the ground and, from two sides, the 
an  ode wires to the SHV jack. Af  ter con  nect  ing the
O-ring and en  sur  ing iso  la  tion, the de  tec  tor door was
closed and all screws fas tened.  In this stage, the de tec -
tor has to be filled with gas (P10). There fore, in or der to
re  move the dust and un  wanted gases, the out  let was
opened for some time. The ex haust was put in wa ter to
mea  sure gas Debby. In this stage, the sys  tem is ready
for ap ply ing volt age. Due to the sen si tiv ity of the elec -
tronic de  vices, the volt  age has to be ap  plied slowly. 
The fi  nal ap  pear  ance of fab  ri  cated multiwire pro  por  -
tional de  tec  tor (MWPD) is shown in fig. 3(b).
EX PER I MEN TAL  PROCEDURES
The as  sem  bly of elec  tronic de  vices, with  out the
di vider cir cuit and col lec tor, is shown in fig. 3(a). So as 
to am  plify the out  put pulses of the MWPC, the
ORTEC-142 PC charge sen si tive preamplifier and am -
pli  fier were used in the pres  ent work. The out  put
pulses of the am  pli  fier are an  a  logue pulses which are
con verted to dig i tal pulses by pass ing through the an a -
logue-to-dig i tal con verter (ADC) unit, so that the dig i -
tal pulse height has been ob tained by the multi-chan nel 
anal y sis  (MCA)  unit.
As is clear from fig. 3(a), the data ac  qui  si  tion
pro ce dure is as fol lows: a stan dard source is placed in a 
par  tic  u  lar are on the de  tec  tor win  dow dur  ing the cre  -
ation of the photo peak. With the dis  place  ment of the
stan dard source, the chan nel num ber of the photo peak
will de crease. The shape of the photo peak on the os cil -
lo  scope in  di  cates that, af  ter the dis  place  ment of the
source, due to the in  crease in the re  sis  tance of an  ode
wires as com  pared to the ear  lier po  si  tion, the pulse
height on the same chan  nel num  ber de  creases. In the
pres ent  ex per i ment,  the  high  volt age,  am pli fier  gain,
gas Debby and pres  sure were con  stant at 1700 V, one
bub  ble per sec  ond and 1.3 at  mo  spheres, re  spec  tively.
The typ  i  cal X-ray spec  trum of the MWPC is shown in
fig. 4.  In the pres  ent ex  per  i  ment, 241Am was used as a
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Fig  ure 2.  Sche  matic
pre sen ta tion  of  the
de tec tor  cham ber  and  its
con stit u ent  parts  (left)
and the an ode PBC (right)
Fig ure  3(a).  Block  di a gram  of  ex per i ment  set-up
Fig  ure 3(b). Fi  nal ap  pear  ance of the fab  ri  cated MWPD
Fig ure 4. X-ray spec trum of sil ver ob tained with MWPDvari  able X-ray source and gen  er  a  tor of the main
source (ex cited Ag). Sil ver (Ag) was ex cited through a 
60 keV X-ray beam of a 241Am source. The ka -X-ray
of sil ver (22.4 keV) was se lected as en trance ra di a tion
in the pres ent in ves ti ga tion. As was in di cated in fig. 4,
due to rea  sons listed be  low, the MWPC photo peak
width of 22.4 keV is larger than the above photo peak
width of solid state de  tec  tors [17].
(1) Due to the small dis tance of the X-ray source
from the MWPC main cir  cuit (2 cm) and the X-ray
source di am e ter (3 mm), the fall ing X-ray on the an ode 
wires is not a plane wave, so that it may, at the same
time, in  ter  act with many an  ode wires and cre  ate many
pulses with var  i  ous heights, too.
(2) Due to mul  ti  ple col  li  sions of the mono-en  -
ergy X-ray with the sen  si  tive ma  te  rial of the MWPC
(P10 gas), a lot of ion  iza  tion will take place, and may
there  fore, cre  ate many pulses with var  i  ous heights. 
The av  a  lanche ef  fect in an ideal gas (in  ert gas)
takes place at low volt  ages, as com  pared to other gas
com bi na tions; so, one of the ba  sic com po nents of gas-
flow  de tec tor  sen si tive  ma te ri als  are  ideal  gases.  The
op er a tion re gion of the pres ent de tec tor (counts vs. ap -
plied volt  age) and pulse height vs. ap  plied volt  age
curve, are shown in figs. 5 and 6, re  spec  tively.
As shown in fig. 5, the pla teau length of the pres -
ent de tec tor is 300 V, in  di  cat ing that along with the in  -
crease in the ap plied volt age, the mul ti pli ca tion co ef fi -
cient also in creases. Our re sults show (fig. 6) that, with 
the in  crease in pulse height at the end of the pro  por  -
tional re  gion (V > 1800), pulse height also in  creases
rap idly, start ing the Gei ger re gion, ul ti mately. As fig. 7 
shows,  the  re la tion ship  be tween  source  po si tion  and
the chan  nel num  ber is lin  ear. It also in  di  cates that the
ef  fec  tive length of this de  tec  tor is 8 cm, which is the
max  i  mum dis  place  ment of the source, as the pulse
height will obey the sen  si  tiv  ity of this de  tec  tor. The
min  i  mum dis  place  ment of the source, which makes a
change in the chan  nel num  ber of the photo peak by
unit,  is  known  as  po si tion  sen si tiv ity  res o lu tion  of  the
PSD. In the pres  ent mea  sure  ment, the ob  tained po  si  -
tion sen si tiv ity res o lu tion of the MWPC was 3.5 mm.
DIS CUS SION
This de  tec  tor was de  signed and fab  ri  cated for
the first time in Iran. Due to the suf  fi cient thick ness of
its Myler win  dows, a com  plete spec  trum of any X-ray
and low en  ergy g-ray sources (chan  nels and counts)
can be ob  tained by use of ad  vanced cir  cuits (di  vid  ers
and  col lec tors)  of  our  de tec tor.  Our  in ves ti ga tion
shows that the space res  o  lu  tion of this de  tec  tor in  -
creases by us  ing thin and long wires (an  ode wires),
mean  ing  that, for this pur  pose, the dis  tance be  tween
an ode wires needs to be de creased. The lin ear re la tion -
ship  be tween  po si tion  sen si tiv ity  and  the  chan nel
num  ber of this de  tec  tor was shown in fig. 7, dem  on  -
strat ing  that  by  in creas ing  the  po si tion  res o lu tion  of
the pres  ent de  tec  tor, the slope of the lin  ear curve will
in  crease. The pres  ent study shows that ac  cu  rate elec  -
tronic de  vices and the high re  sis  tance of an  ode wires,
as well as the best com  bi  na  tion of gas ma  te  ri  als, may
fos ter  fur ther  de vel op ment  in  the  in dus try.
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RAZVOJ  POZICIONO  OSETQIVOG  PROPORCIONALNOG
BROJA^A  NA  BAZI  VI[E  STRUNA
Preliminarna merewa proporcionalnim broja~em sa dve nezavisne strune pokazala su da 
se mogu dosti}i brzine brojawa do 106 odbroja u sekundi po jednoj `ici, bez zna~ajnih gubitaka na
linearnosti odnosa “ta~no – izmereno”. U radu je prikazan gasni vi{estruni proporcionalni
broja~, dizajniran i napravqen, i izlo`eni su rezultati dobijeni fabri~kim detektorom koji
sadr`i 32 nikl-hromne anodne `ice. Svaka struna je povezana sa brzim pretpoja~ava~em i kanalom
za diskriminaciju. Postignute su brzine brojawa od preko 107 doga|aja u sekundi. Pre~nik, du`ina
i podu`na otpornost anodnih `ica su 35 mm, 3 cm i 10  W/m, respektivno. Katoda je napravqena od
dve {tampane plo~e od fiberglasa dimenzija 4 cm ´ 12 cm. Kori{}en je gas P10 (10% metan i 90% ar -
gon), a osetqiva zapremina detektora je 24 cm3. Signali detektora pa`qivo su analizirani pomo}u 
sistema za akviziciju podataka (vi{ekanalnog analizatora, poja~ava~a i pretpoja~ava~a). Na{
rad pokazuje da je ovaj detektor poziciono osetqiv i da je dobijena rezolucija osetqivosti ovog
instrumenta od 3.5 mm.
Kqu~ne re~i: proporcionalni broja~, poziciona osetqivost, jonizacija, gasna
.........................multiplikacija, raspodela naelektrisawa